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Abslract : The n ic ke l tc n ite  o l e om po s iiio n  Ni^ Fe^^ w ith  .v =  0.3 , 0 5.0 7, 0 9 doped w ith  neodym ium  and g a d o lin iiin i w e ie  stud ied by in lia ie d  
ahsoipiion spectroscopy. The  IK  spec trum  .showed tw o  m a in  abso rp tion  bands and v, in the range o f  4 0 0 cm '-6 0 0 cm  ‘ a iis in g  from  the octahedra l 
.mil u tiahedra l com p lexes The  p o s it io n s  o f  a h so ip tio n  bands are com po s it io na l dependent who.se dependence co u ld  be a tt iib u le d  to  the va r ia tio n  m  
uitiDn -  n \> g e ii bond d is tances . T h e  fo rce  cons tan t o f  te trahed ra l and oc tahed ra l sites supports  ca tion  d is t r ib u t io n  W ith  the a dd it io n  o f  g a d o lin iu m  
.ll)^oll)llon bands and were  fo u n d  to  be b ioadencd  and the peaks arc d iffu sed . The  la ttice  constants w c ie  found  to  decrease w ith  the a dd it io n  
[ iKfulwnuini and g a d o lin ium .
[ K e \uo rds F e rrite s , in f la te d  spec tra , in te i io n ic  d is tances
|r ,U  S Nos. 61 lO .N / ,  75 50 O g . 78  30 - j
I he infrared s p e 'c tro s c o p y  i.s a n  im p o r ta n t  a n d  n o n d e s tr u c tiv e  
diaiactcnsing to o l  w h ic h  p r o v i d e s  q u a l i t a t i v e  in f o r m a t io n  
icijaiding structuriil d e ta i ls  o f  c r y s t a l l in e  m a te r ia l  ( I j .  'F h is 
kvhnicjue is b a s e d  u p o n  th e  f a c t  t h a t  a c h e m ic a l  s u b s ta n c e  
shows m a rk e d  s e le c tiv e  a b s o r p t io n  in  th e  in f r a r e d  re g itm . T h e  
icsiilts fro m  IR  a b s o r p t io n  s tu d y  c a n  b e  u s e d  to  in te r p r e t  th e  
ilcctncal a n d  m a g n e tic  p r o p e r t ie s  o f  th e  f e rr i te s  1 2 ) . T h e  v a r io u s  
absorption b a n d s  p r e s e n t  in  th e  s p e c tr u m  r e p r e s e n t  th e  d e ta i ls  
icgaiding f u n c tio n a l  g r o u p s  a n d  th e ir  l in k a g e s  c a n  b e  e x p lo r e d . 
They are fo u n d  to  b e  d e p e n d e n t  o n  a to m ic  m a s s , c a t io n ic  ra d iu s , 
cation -  a n io n  b o n d  d i s t a n c e s ,  c a t io n  d is t r ib u t i o n  etc. I n f r a r e d  
''Peciral a n a ly s is  h a v e  b e e n  c a r r ie d  o u t  f o r  s e v e ra l  f e rr i te s  a n d  
reported tw o  a b s o r p t io n  b a n d s  w i th in  th e  w a v e n u m b e r s  ( 8 0 0  ~  
200)cnr* [ 3 | ,  w h ic h  a re  a ttr ib u te d  to  th e  te tra h e d ra l a n d  o c ta h e d ra l 
group c o m p le x e s  o f  th e  s p in e l  s t r u c tu r e ,  r e s p e c t iv e ly . T h e  IR  
spectra o f  s o m e  m ix e d  C o - Z n  a n d  M g - Z n  f e rr i te s  h a v e  a ls o  b e e n  
reported [ 4 ] .  F a rT R  s p e c tra l  s tu d ie s  o f  m ix e d  L i- Z n  fe rr ite s  w e re  
m ade b y  R a v in d c r  [ 5 ] .  H e  h a d  c o r r e la te d  v, , vs a n d  
bands to th e  F c"'^ io n  c o n c e n tr a t io n . IR  a b s o r p t io n  s p e c tr o s c o p y  
‘ind the re s u lts  s h o w in g  th e  c o m p o s it i o n a l  d e p e n d e n c e  o f  f o r c e  
y<^nstant, a re  a t t r ib u te d  to  th e  c a t i o n  o x y g e n  b o n d  d is ta n c e s  
TTie s tr u c tu r a l  d i s to r t io n  in  c a s e  o f  c h r o m iu m  s u b s ti tu te d
Voi•t^ J'Ponding Author
n ic k e l f e rr i te  ha.s b e e n  s tu d ie d  (Vf. 'f h e  IR  .sp ectra  o f  C d , C o , 
M g , N i , Z n , C u  etc c o n ta in in g  f e rr i te s  h a v e  b e e n  re p o rte d  18 ,9 1 .  
T h e  X -ra y  s tu d ie s  fo r  z in c  s u b s ti tu te d  N i-P b  fe rr ite s  w a s s tu d ie d  
b y  S a b le  e ta l  1 1 0 ) .  In  th is  w o r k , w e  h a v e  r e p o rte d  a n a ly s is  fo r  
IR s p e c tra  a n d  X -ray  s tu d ie s  o f  Ni^ ^ 4  fe rr ite  sy.stern
in n a n o p h a s e  w ith  x  =  0 . 3 ,  0 . 5 ,  0 . 7  a n d  0 . 9  a n d  d o p e d  w ith  
n e o d y m iu m  &  g a d o lin iu m .
T h e  s a m p le s  h a v in g  g e n e r a l  c h e m ic a l  fo r m u la  N i^
(w h e r e  x  =  0 . 3 ,  0 . 5 ,  0 . 7  a n d  0 . 9 )  w e re  p r e p a r e d  b y  ta k in g  th e  
n e c e s s a r y  a m o u n t  o f  n ic k e l c h lo r id e  a n d  iro n  p o w d e r  a c c o r d in g  
to  th e  s to ic h io m e tr ic  ra tio  N i^ F e , ^  ( ) ^  .
T h e  w e ig h e d  c h e m ic a ls  w e re  d is s o lv e d  in  d ilu te  H ^ S O ^ a n d  
h e a te d  s lo w ly  to  e v a p o r a te  th e  s o lv e n t. T h e  r e m a in in g  m ire  
w a s  t r a n s f e n e d  in to  a p o rc e la in  c ru c ib le  a n d  w a s k e p t in a fu rn a c e  
a n d  h e a te d  in  a ir  fo r  f o u r  h rs  a t 5 0 0 ^ ’C . T h e n  it w a s  a llo w e d  to  
c o o l s lo w ly , till th e  ro o m  te m p e ra tu re  is re a c h e d . T h e  fire d  s a m p le  
w a s  g r in d e d  to  f in e  p o w d e r  a n d  w a s  a g a in  h e a te d  to  95 0^^C  f o r  
tw o  h rs . A fte r  c o o lin g , it w a s  g r in d e d  to  a  f in e  p o w d e r .
T o  c o n f ir m  tihe c o m p le tio n  o f  m o le c u la r  s ta te  r e a c tio n , th e  
s a m p le s  w e re  s u b je c te d  to  c h a r a c te r iz a t io n  b y  X -ra y  d i f f r a c tio n  
a n d  I n f r a - r e d  a b s o r p t io n  s p e c tr o s c o p y . T h e  IR  a b s o r p t io n  
s p e c tra  o f  f in e ly  c r u s h e d  p o w d e r  o f  th e  s a m p le  w e r e  o b ta in e d  in
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th e  ra n g e  o f  i 0 0 0  c m ’ * to  2 0 0  c m ' ‘ b y  u s in g  F IT O  -  S H I M A D Z U  
S p e c tro p h o to m e te r  m o d el 8 7 0 0  w h e re  K B r is u se d  as th e  m e d iu m . 
T h e  s p e c tru m , t r a n s m itta n c e  ( % )  a g a in s t  w a v e  n u m b e r  (c m  *), is 
u s e d  fo r  in te r p r e ta tio n  o f  th e  r e s u lts . X - r a y  d if f r a c to g r a m s  w e re  
ta k e n  u s in g  R ig a k u - m in i  fle x  s y s te m  w ith  C u -k cx  r a d ia tio n  o f  
w a v e le n g th  1 . 5 4 1 8  A. N i-  f i l te r  w a s  u s e d . 7 'h e  s a m p le  w a s  
s c a n n e d  b e tw e e n  80^^and 2^ \
T h e  p o w d e re d  s a m p le  N i J ^ e  u n d e r  in v e s tig a tio n  re v e a ls  
th e  f o rm a tio n  o f  s in g le  p h a s e  c u b ic  s p in e l  s tr u c tu r e  s h o w in g  
w e ll d e f in e d  r e f le c tio n  fro m  a llo w e d  p la n e s . F r o m  th e  X -ra y  
d if f r a c tio n  p e a k s , a v e r a g e  p a r tic le  s iz e  w a s  e s t im a te d  u s in g  
S c h e r r e r ’s f o rm u la  ( t ~ 0 . 9 A  /B r o s  Q . w h e r e  t = p a r tic le  s iz e  o f  
th e  c r y s ta l , A — w a v e le n g th  o f  th e  C u -k cx  r a d ia tio n , B  = fu ll 
w id th  at h a lf  m a x im u m  o f  th e  d if f r a c tio n  p e a k  ta k e n  in r a d ia n s  ) ,  
It w a s  f iiu n d  to  b e  in  th e  r a n g e  o f  1 9  to  3 2  n a n t> m e te rs  fo r  all th e  
s a m p le s . L a tt ic e  c o n s ta n ts  o f  th e  s a m p le s  w ith  a n d  w ith o u t  
i m p u r i t i e s  a r c  g i v e n  in  T a b l e  1 b e lo w . T h e  v a r i a t i o n  o f  
c o n c e n tr a t io n  a n d  la tt ic e  c o n s ta n t  w a s  f o u n d  to  b e  a s tr a ig h t  
lin e  fo r  n ic k e l f e rr i te s . U s u a lly  in  a  s o l id  s o l u t io n s  o f  s p in e ls  
w ith in  th e  m is c ib i l i ty  r a n g e , a  l in e a r  c h a n g e  in  la t t ic e  c o n s ta n t  
w ith  c o n c e n tr a t io n  o f  th e  c o m p o n e n t  is  c ^b serv e d  1 1 1 ) .  W ith  th e  
a d d it io n  o f  i m p u r i t ie s , th e i r  la t t ic e  c o n s t a n t s  w e r e  f o u n d  to  
d e c r e a s e . D u e  to  N d ^ ^  - s u b s ti tu tio n , th e  la tt ic e  c o n s ta n t  is f o u n d  
to  d e c r e a s e  s lig h tly . S u c h  r e d u c t io n  in  th e  la tt ic e  c o n s ta n t  in 
r a re  - e a r t h  s u b s ti tu te d  fe rr i te s  s y s te m  w a s  a ls o  r e p o rte d  [ 1 2 ,1 3 ] .
l^ kblc 1. Lattice constant (a) for pure nickel and doped nickel ferrite
I t  is  fo u n d  th a t  s p e c tr a  c o n s is t  o f  tw o  s ig n if ic a n t  alxson'i-pii,’
C one N i^*(.v) a (A “ ) C one  N i^ ^ (d o p cd ) atA **)
0 .3 3 6 9 4 4 0 3 (N d ) 3 .7 7 7 7
0 5 3 .8 8 01 0 .5 (N d ) 3 .7 1 4 8
0 .7 3 .9 1 9 5 0 .7 ( ( }d ) 3 8 5 5 4
0 .9 3 .8 0 1 9 0 9 (G d ) 3 .7 6 0 7
F T IR  a b s o rp tio n  s p e c tr a  fo r  a ll s a m p le s  a rc  o b ta in e d  fro m  IR  
s p e c tr o p h o to m e te r  a n d  th e  ty p ic a l  s p e c tr a  f o r  th e  s a m p le  x  =
0 . 5  is g iv e n  in  F ig u r e  1.
b a n d s , o n e  a r o u n d  5 5 0 c m ' * a n d  th e  o t h e r  a ro u n d  
A b s o r p tio n  b a n d s  o b s e r v e d  (T 'a b le s  2 ,  3  ) in  th is  ra
Lll
c h a r a c t e r i s t i c s  o f  s p i n e l  s t r u c t u r e  h a v in g  tw o  suhlaIl|^.^. 
te tr a h e d r a l  ( A )  s i te  a n d  o c ta h e d r a l  ( B )  s i te  [3 J .
Table* 2 Position of IR absorption bands (v*, i%) for nickel fenni;
C one N i- ^ ( x ) c, (cm  *) V, ')
0 .3 5 4 7 .7 4 68  7
0 .5 5 5 1 .6 4 66  7
0  7 5 55  5 4 72  5
0  9 5 6 9  0 4 74  5
Tabic 3. P os ition  o f  IR abso rp tion  bands (»’ , 1%) fo r doped n iek rl kn i
C \m c  N i ‘ " ( 0 i ', ( c m  ' ) iS(cm ' )
0 .3 5 4 9 .7 4 72  5
0  5 5 5 3 .5 4 04  1
0 .7 5 5 1 .6 4 44  6
0 9 5 6 9 .9 3 64  5
T h e  a b s o r p t io n  b a n d  Vj, o b s e r v e d  at a r o u n d  5 5 0 c r n  isdi 
to  m e ta l o x y g e n  s t r e tc h in g  v ib r a t io n a l  m o d e s  a n d  it is aiti ihuk 
to  Fe^'*’— 0 “‘ v i b r a t i o n s  a t  th e  t e t r a h e d r a l  s i t e ,  wheicMs i 
o b s e r v e d  a t 4 6 0 c m “ ‘ is a s s ig n e d  to  o c ta h e d r a l  F c “^ -  ( ) “ i uu 
c o m p le x e s  |4 ] .  It w a s  f o u n d  th a t  th e  posititM is ol bamls ,ii 
c o m p o s it io n  - d e p e n d e n t .  T h e s e  tw o  b a n d s  a re  s h a rp  and siior 
in  in te n s i t ie s .
It w a s  o b s e r v e d  th a t  f o r  n ic k e l  f e r r i te s  w ith o u t  impuiitu* 
th e  a b s o r p tio n  b a n d s  i*j a n d  v% w e r e  in c r e a s in g  w ith  th e  inciea' 
in c o n c e n tr a t io n  o f  N i b u t f o r  d o p e d  f e r r i te s , th e  absorjMu 
b a n d s  w e re  f o u n d  to  d e c r e a s e . T h e  a b s o r p t io n  b a n d s  i)hsci\c 
in 3 1 0 , 2 6 8 c m ’' a re  id e n tif ie d  to  b e  th e  p e a k s  o f  v ^ a n d  lui tl 
s a m p le s  w ith o u t  im p u rity !  1 4 J . F o r  th e  d o p e d  sa m p le s , m >! 
n u m b e r  o f  p e a k s  a r e  o b s e r v e d  d u e  to  th e  s p l i t t in g  o f  i  ^ and i 
b a n d s  b y  th e  d o p i n g  io n s . T h e  p e a k s  o b s e r v e d  aro u n d  
c m ''  a n d  4 6 0 c m * ' a re  n o t  s h a r p  fo r  th e  d o p e d  sam ples Hi 
b r o a d e n in g  o f  t h e  b a n d s  is  d u e  to  a d d it io n  o f  g a d o lin iu m  in th 
s a m p le s  o f  N i f e rr i te s  o f  c o n c e n tr a t io n  0 . 7  a n d  0 . 9 )  .This l;u
is a ls o  s u p p o r te d  b y  S r iv a s ta v  a n d  S r in iv a s a n  1 8 ].
O n  s u b s ti tu tio n  o f  Nd*^''' a n d  Gd-^"^ ,th e  p o s i t io n  o f  v  ^ ham 
s h if t  to w a r d s  lo w e r  s id e , w h ic h  s u g g e s ts  th e  o c c u p a n c y  ofN J 
a n d  Gd'^''* O c t a h e d r a l  ( B )  s i te .  H o w e v e r  o n  s u b s titu tio n  
im p u rit ie s  a s  sa id  b e f o r e  b r o a d e n in g  o f  v ^ h a n d  ta k e  p lac e  whic 
m a y  b e  d u e  to  o c c u p a n c y  o f  c a t io n s  o f  d i f f e r e n t  charactei o 
th e  s a m e  s i te ,
b y  th e  r e la tio n  v =  i/27t  (K / M )* '^  ,
V =  V ib r a tio n a l  f r e q u e n c y  o f  th e  io n ,
K  =  f o r c e  c o n s ta n t  o f  th e  io n ,
M  =  r e d u c e d  m a s s  o f  th e  io n .
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The decrease in vibrational frequencies indicates th a t  the 
ond length decreases. It is found to decrease the octahedral 
,rce c o n sta n t which supports the occupancy of neodymium 
niJ u a d o lin iu m  on B site. The compositional dependence of 
)icc constants are attributed to the cation oxygen bond 
i>tanccs I6 j.
The results obtained from IR absorption spectra o f th0 
amples under investigation, reveal cubic spinel structure 
[lowing two significant absorption bands. ;
The absorption bands and are found in th^ 
expected range and the difference in band position! 
is due to the difference in the for th^
octahedral and tetrahedral complexes. f
I'hc positions of the absorption bands ard 
composition*depcndent which could be attributed to 
the variation in cation ~ oxygen bond distances.
0)
(II)
(111) Variations in the force constant of tetrahedral and 
octahedral sites support predicted cation distribution, 
where in adding gadolinium, and the absorption 
bands \’j and were found to be broadened and the 
peaks are diffused.
The lattice constants were found to decrease by the addition 
neodymium and gadolinium.
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